Abstract-The introduction of computer technology has brought revolutionary impacts to the living in rural areas. This technology has narrowed the digital divide between the urban and the rural. However, limitation in electricity supply is the major constraint in powering up the Information and Communications Technologies (ICT) equipment in the rural. Consistent electricity supply has become an obstacle in deploying computing systems in the rural environment. Therefore, green and energy efficient power architecture has been proposed in this paper to reduce power wastage and make efficient use of the power for consumption by ICT equipment in order to prolong the operating time of the equipment. Green power architecture can generally be organized into several areas of application such as power sustainability, energy efficiency and reduction in power loss. The effective use of power provision in rural areas has also been taken into consideration. This paper shows that systems that are direct DC powered, wired networked and use solid state Hard Disk Drive (HDD) are more energy efficient and those are the important parameters for rural computing implementation.
INTRODUCTION
In rural environment, reliable and affordable electricity supply has always been a serious issue where the source of power can be either not existence or too expensive to generate. Power grid extension is always not an option owing to the high cost of infrastructure investment and the return of investment is too low to justify due to very small population in the rural areas. Rural communities rely heavily on fossil fuel power generator to power up all their electrical and electronic appliances, the problem will be the limited operating hours of the power generator and it is not ideal for the continuous long hour operation as the cost of fossil fuel has been increased drastically from time to time.
Green power architecture which includes power generation, computing devices, and usage pattern can generally be used to ease the limited electricity supply problem in rural areas if adopted appropriately. Renewable energy such as solar power will be one of the options in the search for the alternative power source as it can be obtained easily as long as there is sunlight. This is particular practical in places near the equator where sunlight is always available all year round.
In fact, most of the renewable energy is generated in the Direct Current (DC) form in nature as long as battery system is involved; the power loss during the conversion from Alternating Current (AC) to DC can be avoided if the DC supply can be consumed directly. A lot of electrical and electronic appliances equipped with an AC-DC adapter due to it always assumed that the AC supply is the only form of power source available which is always the case in the urban areas as power coming from power grid. However, this assumption may not be necessary true in the rural areas as power is not supplied via the power grid. The use of AC-DC adapter may not be necessary as the renewable energy generated and the electronics appliances are both in DC nature, only 1-stage DC-DC stepped down conversion is required in order to power up the appliances from the renewable energy source. In conventional system, an inverter is used to convert the DC source into an AC source which is to meet the power requirement of most urban appliances; in such case, a 2-stages power conversion involved. The power source in DC form will first be converted to AC form as required by the appliances power input unit, then it will be further convert again to the desire DC form by the AC-DC adapter in order to power up the electronics of the appliance. The conversion power loss incurs is still justifiable in the urban area as the power grid always available and it supplies power in AC form hence only 1-stage conversion is involved; but if the appliance is used in the rural areas and to be powered by renewable energy source, the power loss is significance as 2-stage power conversion is required. Hence, green computing architecture is mandatory in rural areas in order to ease the power shortage problem.
The rest of the paper is structured as follows. In section two we discuss the existing approaches in green computing architecture. Section three introduces the green power architecture consideration and the analysis of the experiment results. Section four concludes the paper.
II. BACKGROUND STUDY
Green computing has been an active research area growing rapidly in recent years owing to the power efficient mechanism and technology that are required to meet today's need in reducing energy consumption. Most of the high performance ICT equipments are power hungry, so there is an urge for the energy saving component and approaches.
A. Component and System Level Energy Savings
At the component level, energy can be saved by adapting the speed of component execution to the deadlines that must met by the application and by turning component completely off if, during an interval of time, their services are not needed [1] . Also, eliminates the need for a large monolithic operating system and to partition the services into smaller components to achieve the energy saving purposes as the system components become stable [1] . An effective and efficient use of computing resources by activates only the needed program and deactivates the executed program as proposed in [2] . However, different applications obviously have quite diversified running patterns that simply turn off power may not achieve the optimal power consumption.
B. Multi-core Multi-thread microprocessor
Power efficiency of microprocessor is essential to green architecture as most microprocessors adopt multi-core and multi-thread technology, which contribute to more power consumption. Low power design techniques including finegrained clock gating, instruction throttling, and adaptive L2 cache are initiatives that have been taken into consideration [3] in order to reduce both dynamic power and the leakage of power. Nearly 30% of power can be saved when all modules of the core are clocking gated [3] . For the multi-core system proposed in [4] , each core can use a different frequency or voltage, optimizing its use of energy based on its instantaneous workload. This architecture has also core hopping mechanism to dissipate heat on the die more efficiently, and introduces fixed-function cores for special purposes, such as for a graphics engine, to improve the overall efficiencies further and to reduce the power consumption [4] . The introduction of low power microprocessors have indirectly contributed to the green computing architecture.
C. Concurrency and reduce waste heat
The amount of energy consumed by a processor depends on the processor's fabrication technology and how many transistors have been active during a period of execution time [5] . Concurrency can reduce the waiting time and power by running tasks in parallel. Concurrent tasks optimize the use of the available processing resources to increase the application responsiveness. For example, one high priority thread can handle user requests while another thread can run concurrently to perform other necessary operations [6] . This concurrent technique can reduces the power consumption as the tasks can be done faster compare to running in sequential where one task has to wait for another task to be done before it can proceed to the next stage of execution. A huge amount of power consumed by ICT equipment turns into waste heat that must be removed or else ICT equipment can't function properly and reliably after a long period of operation time. Every watt (W) of electricity consumed by ICT equipment, an extra 1 to 1.5W of electricity is needed for the infrastructure to support the ICT equipment such as the cooling mechanisms [7] . ICT equipment vendors must be a major part of the green computing initiator instead of the ICT equipment users. Major ICT equipment vendors have made progress in combating the growing power and cooling requirements by providing tools that can monitor equipment power usage [8] . Solid State Hard Disk Drive (HDD) is one of the initiatives that can reduce the waste heat from equipment.
III. GREEN POWER ARCHITECTURE CONSIDERATIONS
The proposed green power architecture evaluation takes into account three considerations. Firstly, we evaluate the impact of power conversion before supply to the computing devices as presented in section III.A. The experiments were conducted by using inverter powered and direct powered. The name inverted stands for inverter powered and direct stands for direct powered in the figure shown below. The experiments are followed by evaluating the type of Internet media connection to access online information as presented in section III.B. The type of connection is either wired networked or wireless networked. The name wired stands for wired networked and wireless stands for wireless networked in the figure shown. Section III.C evaluates the storage component in the computing devices, which is between a motor-driven HDD and a solid state HDD. The names motor-driven stand for motor-driven HDD and solid state stand for solid state HDD in the figure. Experiments have been carried out by powering up a netbook using battery and tested it under different scenarios. In this case, a EeePC 1000HD netbook, a 12V Sealed Lead Acid (SLA) battery, and a bootable solid state thumb drive that act as solid state HDD were used. The solid state HDD will replace the motordriven HDD to boot up the netbook in the solid state HDD experiment scenario. The performance evaluation parameter has been based on the operating time of the device using the same amount of power consumed from the same battery. Applications tested include streaming of video, checking of email, reading of online news and information, and surfing of famous social network webpages.
A. Power Conversion
Power conversion is important in green power architecture consideration as the power losses during each of the conversion stage. The ultimate aim is to minimize the power loss during power conversion and prolong the operating hours of the computing devices. Experiments have been conducted to compare the power consumption of the EeePC netbook via inverter powered and direct powered power supply. For the experiments that use inverter powered, a power inverter of 12VDC-230VAC is connected to the battery and the netbook will tap the power from the inverter unit via its own AC-DC adapter to provision the 12V power supplies, whereas for the direct powered scenario, the netbook taps power directly from the battery native source of 12V supply. Figure 1 shows the operating time of the inverter powered and direct powered experiments for various scenarios. Each scenario has a combination of one of the connection types and one of the storage components. The result depicts that the direct powered scenario has a much longer operating time in overall. The sustainability has been improved as shown in Figure 2 , where improvement of at least 85% has been achieved by using direct powered as compare to power up the same device using inverter powered supply. In overall, there is an 85% to 159% of improvement in sustaining the device operating time. 
B. Type of Internet Connection
Reliable Internet connection is important for rural communities in reaching for information online. Power consumed may vary by the type of Internet connection. Figure 3 shows the operating time via the wired networked and the wireless networked over various experiment scenarios. Each scenario has a combination of one of the types of power conversion and one of the storage components. Wired networked has been observed to have a longer operating time compared to the wireless networked. The improvement in sustainability is shown in Figure 4 where improvement of at least 28% has been achieved through wired networked when compared to wireless networked in surfing the Internet. The highest improvement is 66% in the scenario where solid state HDD and direct powered supply are used. The improvement in operating time has suggested that wireless communication consumes more power for the same type of network activities. 
C. Storage Component
The storage component experiments in this section refer to the performance evaluation between the motor-driven HDD and the solid state HDD. The motor-driven HDD with rotating part consumes a lot of power during its processing tasks and it produces waste heat that may harm other component as well. It is wise to replace the power hungry motor-driven HDD to the solid state version of HDD which have no moving part and consumes lesser power. Figure 5 shows the operating time of motor-driven HDD and solid state HDD experiments over various scenarios. Each scenario has a combination of one type of the power conversion and one of the connection types. Storage processing via the solid state HDD has a longer operating time compared to the motor-driven HDD in overall. The sustainability has improved at least 14.29% by the solid state HDD in the scenario of wired networked and inverted powered shown in Figure 6 . In overall, there is a 14% to 45% of improvement in operating time. In overall, Figure 7 shows the operating time for various experiment scenarios. The longest operating duration is achieved at the scenario with wired networked, solid state HDD, and direct powered, which is a total of 415 minutes. On the other hand, the shortest operating duration has been shown by the scenario with wireless networked, motordriven HDD, and inverted powered, which has only 100 minutes of operating time. The biggest performance difference can be up to 315%. This improvement is significant for applications in rural areas with limited electricity supply. 
IV. CONCLUSION
The effective use of the energy in the rural area can significantly reduce the requirements of power supply for the ICT equipment and this will bring down the overall cost of operation. This paper proposed a set of green power architecture considerations for rural computing by taking into account of power conversion, type of network connection, and storage device. The proposed architecture consideration recommends to power the computing equipment without the use of inverter, preferred using wired networked in order to connect to network and replacing the motor-driven HDD by solid state HDD which has no moving part in order to achieve maximum operating time with the same amount of energy generated.
